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(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

(57)Abstract: 

PURPOSE: To reduce the area of a chip as a whole by a 
method wherein a wiring region on a hard macro inside a 
semiconductor chip is made small. 

CONSTITUTION: The following are arranged: third-layer 
interconnections 123 and fourth-layer interconnections 124 
which are formed on a hard macro; and fifth-layer 
interconnections 125 and sixth-layer interconnections 126 
which cross them obliquely. In addition, the following are 
formed: second through holes 132 which connect second-layer 
interconnections to the thirdlayer interconnections 123; fifth 
through holes 135 which connect the fifth-layer 
interconnections 125 to the sixth-layer interconnections 126; 
fourth through holes 134 which connect the fourth-layer 
interconnections 124 to the fifth-layer interconnections 125; 
and third through holes 133 which connect the third-layer 
interconnections 123 to the fourth-layer interconnections 124. 
Thereby, a wiring operation can be performed at a shortest 
distance on the hard macro. 
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(54) [Title of Invention] 



Semiconductor Integrated Circuit Apparatus 
(57) [Abstract] 
[Purpose] 

To diminish wiring areas between hard macros inside a semiconductor chip and thus 
reduce the overall chip area. 

[Constitution] 

A third layer of wiring 123 and fourth layer of wiring 124 provided on hard macros, and a 
fifth layer of wiring 125 and a sixth layer of wiring'126 intersecting diagonally therewith, are 
configured, and second through holes 132 connecting a second layer of wiring and the third layer 
of wiring 123, fifth through holes 135 connecting the fifth layer of wiring 125 and the sixth layer 
of wiring 126, fourth through holes 134 connecting the fourth layer of wiring 124 and the fifth 
layer of wiring 125, and third through holes 133 connecting the third layer of wiring 123 and the 
fourth layer of wiring 124 are provided, thereby making it possible to implement wiring across 
the shortest distances on the hard macros. 
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[Claims] 

[Claim 1] A semiconductor integrated circuit apparatus comprising: 

hard macros, formed by making connections between basic transistor elements using a 
first layer of wiring and a second layer of wiring provided on a semiconductor chip; 

a third layer of wiring, configured in the horizontal direction, interconnecting between 
said hard macros; 

a fourth layer of wiring, configured in the vertical direction, intersecting said third layer 
of wiring perpendicularly and forming a lattice; and 

a fifth layer of wiring and sixth layer of wiring that, respectively, intersect diagonally said 
third layer of wiring and said fourth layer of wiring at points where said third layer of wiring and 
said fourth layer of wiring do not intersect, and that also intersect each other. 

[Claim 2] The semiconductor integrated circuit apparatus according to Claim 1 , wherein 
said fifth layer of wiring and said sixth layer of wiring are configured on [or above] the hard 
macros. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

This invention concerns a semiconductor integrated circuit apparatus, and more 
particularly the wiring between hard macros in a chip. 

[0002] 
[Prior Art] 

Year by year the degree of integration in semiconductor integrated circuit apparatuses in 
general rises higher as such apparatuses become smaller and as such higher integration is 
demanded by systems. 

[0003] 

In a conventional semiconductor integrated circuit apparatus, as diagrammed in Fig. 4, a 
first layer of wiring 221, placed in the horizontal direction in the diagram, a second layer of 
wiring 222 placed in the vertical direction in the diagram, and a third layer of wiring 223, placed 
in the horizontal direction as the first layer of wiring 221, the wiring pitch whereof is made twice 
that of the first layer of wiring 221, are provided, configuring a lattice having minimal wiring 
intervals with the first layer of wiring 221 and the second layer of wiring 222, and this apparatus 
further comprises first through holes 231 connecting the first layer of wiring 221 and the second 
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the second layer of wiring 222 andLra la^f ^^3^ ^ f ° r ** Iattice * 
[0004] 



[0005] 



Fig. 5 an^Z tSK ZT^ttX*"' 1 ! - di *~ * 
are used therebetween, if wiring comecti^ 2^!^ 2 ^ SeCOnd layer of ^8 222 
B according to the wiring pitch toSSTp? 4^ ? J** ^ A to ^ macro 
hard macro B using onl/the £2£ of S 22 Id ^ t0 implemem ^ °* the 
Wherefore, there are two methods ^elvT^^L , ^ ° f ^ 22Z 
transit across the hard macro BdS^^ ° f f I" 8 3 kyer of ^ 223 to 
circuitous wiring, within S&JSTS^ S ' . ""^ of dementing 
«^layerofw™^^ 

former method, diagrammed in Fig 5 the ouw^^TT? * cUa 8 rammed * Fig- 6- In the 
layer of wiring 222^connected to L S KiSSS ?"E A " " 0Ut ^ SCCODd 
and made to transit across the hard maao B Sn* £X m Se<Xmd hoIe 232 > 

transit, it is connected to the seconder of 2^^° ° f 7? 8 ^ 
connected subsequently to the first laveTof JT^i 3 SCCOnd throu 8 h hoIe 232 > 
connected to the second kye ofwS^^ 8 * T 8 3 to « h hole ^ 
input to the hard macro B . to SSS^T?' ^ ^ 231 ^ * e 
hard macro A is led out using Z " * *" ^ ^ ° f Ae 

wiring 221 using a first through hoteSl SSd LT^ 2* t0 *" kyer of 

connected to the second layer 5 SS^S?.^* 8 ^ Ieft [COmer > of ** ^ 
the lower left [corner], co^ctedTthe £H SSJSf ^ ^ ^ fa 33 
agam, and connected to the second layer tfwS 222 3 ** throu 8 h hoIe 23 1 
becoming the input to the hard macro B 8 3 ** thr ° Ugh hoJe 23 1 
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[Problems Which the Present Invention Attempts to Solve] 

A conventional semiconductor inteerateH 
comprises a first layer of wirine 221 inXlT , * apparatus ' 35 diagrammed in Fig. 4, 
wiring 222 in the vertical Son f^S^Sf^ ^ a SCCOnd ^ <* 

horizontal direction in the diagram £ 2l 3 3yer of 223 in the same 

connecting the first layer of wS 22 * JZll Zf^7^? 1 ' ft «*«*W-231ta 
holes 232 for connecting me^ondlaveTof^ ° f ^ ^ second through 

smallest lattice interaction^ lE^SZE?*?* ?" ^ ° f ^ 223 81 
223, and configures the wiring inside Aeh^ 7 ° f 222 md ^ of ^g 

wmng mside the hard macros using the first layer of wiring 221 and 



second layer of wiring 222, wherefore, in wiring between the hard macros, the first layer of 
wiring 221 and second layer of wiring 222 cannot be made to transit across the hard macros, but 
the wiring must be routed around the open space, without transiting across a hard macro, or, 
alternatively, wiring must be effected wherein the hard macro is transited using the third layer of 
wiring 223 only in the horizontal direction of the diagram, and subsequently connected in the , 
open area to the first layer of wiring 221 and second layer of wiring 222, For this reason, it is not 
possible to effect the shortest wiring, circuitous wiring is necessary, the wiring area expands, and 
the overall chip area becomes larger, all of which constitute problems. 

[0007] 

An object of the present invention is to provide a semiconductor integrated circuit 
apparatus wherein the wiring area is made smaller by employing multi-layer wiring, and the 
overall chip area can be reduced. 

[0008] 

[Means Used to Solve the Problems] 

The semiconductor integrated circuit apparatus of the present invention comprises: hard 
macros, formed by making connections between basic transistor elements using a first layer of 
wiring and a second layer of wiring provided on a semiconductor integrated circuit; a third layer 
of wiring, configured in the horizontal direction, interconnecting between the hard macros; a 
fourth layer of wiring, configured in the vertical direction, intersecting the third layer of wiring 
perpendicularly and forming a lattice; and a fifth layer of wiring and sixth layer of wiring that, 
respectively, intersect diagonally the third layer of wiring and the fourth layer of wiring at points 
where the third layer of wiring and the fourth layer of wiring do not intersect, and that also 
intersect each other. 

[0009] 

[Embodiments] 

The present invention is now described with reference to the drawings. 

[0010] 

Fig. 1 is a layout diagram for describing one embodiment of the present invention. 

[0011] 

In signal line wiring for interconnecting hard macros formed by interconnecting basic 
transistor elements using a first layer of wiring and a second layer of wiring provided on a 
semiconductor chip, as diagrammed in Fig. 1, the configuration comprises a third layer of wiring 
123 placed in the horizontal direction on the diagram, a fourth layer of wiring 124 placed in the 
vertical direction on the diagram relative to the third layer of wiring 123, and a fifth layer of 
wiring 125 and sixth layer of wiring 126 that intersect diagonally with the third layer of wiring 
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layer of wiring m mi^^J£fi^£S££^&*J!* 

the fifth layer of wiring [ST^^tayl^/^ ™' 

1 35 at points shifted by half a ShStaSSTT* ? ™ com «»» by fifth through holes 

by the Ld layerofwCaCaltuX^^ 24 fathe — 
[0012] 

invention'' * " ' 3 «" plication example for the present . 

[0013] 

the wiring pitch diagrammed inFia TZ ™^ . ^ nUn - ° f,h e bard macro B, foUowing 

constitutes tile **ES£ Mel 25 ^ *»■ ° f 222 mat 

wiring ,23 ^ SeTw^^Tr^ *? "f ^ ° f 

between the hard macros inte™™«3 . 77 tne u ™ :m 8 " connecting to the wiring 
bote 133, ^SSS^/r? 124 using t^thhd through 
hard macro A, effecting woiTj ~ S f « the fouIth <brough holes 134 on the 
diagram, interconnect X fouS W ZZfVf™* 1 bard macro B in me 
me wiring area ,3, ^through holes 134 on 

133, and connected to the inout of the sLZTi„ J ^ g 123 uang ^outf, holes 

wiring inside tite hard JSt ZSJS^SS^* ^ 
[0014] 

[0015] 

lower i^SC!S£ r,7«.» tbe diagram, of the hard macro A to the 



third through holes 133, interconnected to the fifth layer of wiring 125 using the fourth through 
holes 134, connected to the sixth layer of wiring 126 using the fifth through holes 135, wiring as 
far as the lower left [comer] of the hard macro B, interconnected to the fifth layer of wiring 125 
using the fifth through holes 135, interconnected to the fourth layer of wiring 124 using the 
fourth through holes 134, interconnected to the third layer of wiring 123 using the third through 
holes 133, and connected to the input of the second layer of wiring 222 that constitutes the signal 
line wiring inside the hard macro B, using the second through holes 132. 

[0016] 

[Merits of the Invention] 

With the present invention, as described in the foregoing, when hard macros formed by 
interconnecting basic transistors usitig a first layer of wiring and a second layer of wiring on a 
semiconductor chip are mutually connected, it is possible to effect wiring on the hard macros in 
the horizontal, vertical, and diagonal directions, wherefore circuitous wiring is done away with. 
Furthermore, second through holes connecting the second layer of wiring and the third layer of 
wiring, third through holes connecting the third layer of wiring and the fourth layer of wiring, 
fourth through holes connecting the fourth layer of wiring and the fifth layer of wiring, and fifth 
through holes connecting the fifth layer of wiring and the sixth layer of wiring are provided in 
the smallest lattice made by the third layer of wiring and the fourth layer of wiring, so wiring can 
be done over comparatively short distances. With this embodiment, moreover, what previously 
required two unit lengths of wiring in order to connect two terminals having different x 
coordinates and y coordinates can be done with 2 1/2 unit lengths of wiring. Therefore, as 
compared to the prior art, the wiring area is reduced by approximately 50% in terms of surface 
area, and, because the wiring area previously occupied 60% or so of the chip area, the chip area 
can be reduced by approximately 30% (= 60% x 0.5). 

[0017] 

Thus the present invention is beneficial in that, by the use thereof, wiring areas can be 
made smaller, and overall chip size can be reduced. 

[Brief Description of the Drawings] 

. Fig. 1 is a layout diagram for describing one embodiment of the present invention; 

Fig. 2 is a layout diagram representing a first application example of the present 
invention; 

Fig. 3 is a layout diagram representing a second application example of the present 
invention; 

Fig. 4 is a layout diagram for describing the placement of conventional wiring; 

Fig. 5 is a layout diagram representing a first example of a conventional semiconductor 
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integrated circuit apparatus; and 

Fig. 6 is a layout diagram representing a second example of a conventional 
semiconductor integrated circuit apparatus. 

[Explanation of Symbols] 

11 LSI chip 

13 Wiring area 

123, 223 Third layer of wiring 

124 Fourth layer of wiring 

125 Fifth layer of wiring 

126 Sixth layer of wiring 

132, 232 Second through holes 
1 3 3 Third through hole 

1 34 Fourth through hole 

135 Fifth through hole 

22 1 First layer of wiring 

222 Second layer of wiring 
23 1 First through hole 

A, B Hard macros 
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[Figure 1] 
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[Figure 2] 





ZZIi First layer of wiring 222 : Second layer of wiring 
ZZ3 s Third layer of wiring 23 1 • Pint through bole 
?3Z ? Second through hole 
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